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•• Immune toleranceImmune tolerance
•• Autoimmune diseasesAutoimmune diseases
•• Tolerance strategiesTolerance strategies

Topics



Immune tolerance: key conceptsImmune tolerance: key concepts
•• Immune tolerance is the inability ofImmune tolerance is the inability of

lymphocytes (T and B cells) to respond tolymphocytes (T and B cells) to respond to
self antigensself antigens

•• Self tolerance can be divided into centralSelf tolerance can be divided into central
and peripheral toleranceand peripheral tolerance

•• Tolerance is mediated by multipleTolerance is mediated by multiple
mechanisms, but three are mostmechanisms, but three are most
important: deletion, anergy, suppressionimportant: deletion, anergy, suppression



Central vs. peripheral tolerance:Central vs. peripheral tolerance:
key conceptskey concepts

•• In central tolerance, immature lymphocytesIn central tolerance, immature lymphocytes
recognizing self antigens with high affinity inrecognizing self antigens with high affinity in
generative lymphoid organs (bone marrow for B cellsgenerative lymphoid organs (bone marrow for B cells
and thymus for T cells) die by apoptosisand thymus for T cells) die by apoptosis

•• in peripheral tolerance, mature self-reactivein peripheral tolerance, mature self-reactive
lymphocytes encounter self antigens in peripherallymphocytes encounter self antigens in peripheral
tissues and are killed or shut off by induction oftissues and are killed or shut off by induction of
anergy (functional unresponsiveness), deletionanergy (functional unresponsiveness), deletion
(apoptotic cell death), or suppression by regulatory T(apoptotic cell death), or suppression by regulatory T
cellscells



T cell developmentT cell development
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Critical events in intrathymic Critical events in intrathymic α/β α/β 
T cell developmentT cell development

•• Rearrangement of TCR Rearrangement of TCR α/β  α/β  and expression ofand expression of
CD4 and CD8 co-receptorsCD4 and CD8 co-receptors

•• Positive selection of T cells with affinity forPositive selection of T cells with affinity for
MHC-self peptideMHC-self peptide

•• Down-regulation of CD4 or CD8Down-regulation of CD4 or CD8
•• Negative selection (apoptosis) by high-affinityNegative selection (apoptosis) by high-affinity

binding to MHC-self peptidebinding to MHC-self peptide
•• Export of single-positive cellsExport of single-positive cells



Pathways for deleting T cells with strongly and
weakly self-reactive TCRs in the thymus



Thymic selection of T cells
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Mechanisms of peripheralMechanisms of peripheral
tolerancetolerance

•• AnergyAnergy
•• DeletionDeletion
•• Suppression by regulatory T cellsSuppression by regulatory T cells
•• ExhaustionExhaustion
•• Down-regulation of TCR, CD4/CD8Down-regulation of TCR, CD4/CD8
•• Partial activation (Altered PeptidePartial activation (Altered Peptide

Ligands)Ligands)



Activation vs. AnergyActivation vs. Anergy
The two-signal theory of lymphocyte activationThe two-signal theory of lymphocyte activation
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Four cellular strategies regulate self-reactive
receptors at different points during B- and T-cell

differentiation



Cellular checkpoints regulating self-reactive receptors

BCR tolerance mechanisms in central lymphoid organs:
(1) Arrest of immature B-cell maturation
(2) BCR light chain editing by V(D)J recombination
(3) Death and deletion of immature B cells
TCR tolerance mechanisms in central lymphoid organs:
(4) TCR –chain editing by V(D)J recombination
(5) Death and deletion of semi-mature T cells
Intrinsic regulation of self-reactive receptors by anergy:
(6) BCR tuning/anergy
(7) TCR tuning/anergy
Extrinsic regulation of self-reactive receptors:
(8) Follicular exclusion of B cells
(9) B-cell competition for BAFF
(10) T-cell competition for IL-7

Extrinsic regulation of self-reactive receptors by limiting costimuli:
(11) Controls on availability of extrafollicular T-cell help
(12) Control of TLR ligands and signalling
(13) B-cell death induced by FASL from T cells
(14) BCR inhibition of plasma-cell differentiation
(15) Control of B7 ligands and other costimulatory molecules
(16) T-cell death induced by FASL
(17) T-cell suppression by T regulatory cells
Regulation of self-reactive receptors in follicles:
(18) Control of ICOS and follicular T helper cell differentiation
(19) BCR-induced death of germinal centre B cells
(20) Germinal-centre B-cell death from competition for follicular T helper cells
Tolerance of self-reactive receptors at the final effector phase:
(21) Control of autoantibody accumulation and inflammation in tissues



Etiopathogenesis ofEtiopathogenesis of
autoimmune diseasesautoimmune diseases

Loss of T cell tolerance to self caused byLoss of T cell tolerance to self caused by
•• Bystander activationBystander activation
•• Molecular mimicryMolecular mimicry
•• Decreased activity of regulatory/suppressor cellsDecreased activity of regulatory/suppressor cells
•• Defect in apoptosisDefect in apoptosis
•• Superantigens (polyclonal activation of T and B cells)Superantigens (polyclonal activation of T and B cells)
•• Increased expression of class II moleculesIncreased expression of class II molecules
•• Release of sequestered antigensRelease of sequestered antigens



Characteristics of autoimmuneCharacteristics of autoimmune
diseasesdiseases

•• Chronic diseases, typically with a remitting-Chronic diseases, typically with a remitting-
relapsing courserelapsing course

•• Associated with particular HLA allelesAssociated with particular HLA alleles
•• Critical event: loss of tolerance to selfCritical event: loss of tolerance to self

leading to activation of autoreactive T cellsleading to activation of autoreactive T cells
•• Induced and/or maintained by autoreactive,Induced and/or maintained by autoreactive,

pathogenic T and B cellspathogenic T and B cells
•• Higher frequency in femalesHigher frequency in females



Requirements for autoimmune disease development



 Single genetic traits associated with autoimmunity

AIRE: Autoimmune regulator
APS: Autoimmune polyendocrine syndrome
IPEX: immune dysregulation, polyendocrinopathy, enteropathy, X-linked syndrome
ALPS: autoimmune lymphoproliferative syndrome



Single gene disorders vs. a model of autoimmune diseases
caused by complex traits



Immune genes associatedImmune genes associated
with autoimmune diseaseswith autoimmune diseases

•• MHC class I and class IIMHC class I and class II
•• T Cell ReceptorT Cell Receptor
•• ImmunoglobulinImmunoglobulin
•• CytokinesCytokines



Requirements for autoimmune disease development



Key cells in autoimmuneKey cells in autoimmune
diseasesdiseases

Regulatory/Regulatory/
suppressorsuppressor

T cellT cell

Effector Effector 
T cellT cellAPCAPC B cellB cell



Differentiation of mouse CD4+ T cell lineages
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Polarization of CD4+ T cell subsets
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Requirements for autoimmune disease development



TOLL-LIKE RECEPTORS
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Selective immunointerventionSelective immunointervention
in autoimmune diseasesin autoimmune diseases

••Targeting pathogenic T cellsTargeting pathogenic T cells
--  MHC blockade, Antigen, APL, anti-CD3MHC blockade, Antigen, APL, anti-CD3

••Targeting costimulatory moleculesTargeting costimulatory molecules
- - Co-receptors (CD4), Costimulation blockade,  Coinhibition upregulationCo-receptors (CD4), Costimulation blockade,  Coinhibition upregulation

••Cytokine-based immunointervention Cytokine-based immunointervention 
- Inhibition of inflammatory cytokines (IL-1, IL-2, IL-6, IFN-- Inhibition of inflammatory cytokines (IL-1, IL-2, IL-6, IFN-γγ, IL-12, TNF-, IL-12, TNF-αα, IL-17), IL-17)
- Administration of anti-inflammatory cytokines (IL-4, IL-10, IFN-- Administration of anti-inflammatory cytokines (IL-4, IL-10, IFN-α/βα/β, TGF-, TGF-ββ))

•• Induction of regulatory T cellsInduction of regulatory T cells
- T cell/TCR peptide vaccination, APC manipulation, cytokines- T cell/TCR peptide vaccination, APC manipulation, cytokines

••Targeting leukocyte traffickingTargeting leukocyte trafficking
- Adhesion molecules, chemokines, chemokine receptors- Adhesion molecules, chemokines, chemokine receptors



T cell–directed therapy



T cell–directed therapy:
Small molecules



T cell–directed therapy: biologicals



Tolerogenic agentsTolerogenic agents

• Autoantigens

• Biologicals

• Small molecules

• Treg cell therapy



Disease Antigen
Myasthenia gravis Acetylcholine receptor

Multiple sclerosis MBP, MOG, PLP

Pemphigus vulgaris Desmoglein-3

Rheumatoid arthritis Filaggrin

Hashimoto’s thyroiditis Thyroid peroxidase, thyroglobulin

Graves’ disease Thyrotropin receptor

Type 1 diabetes GAD, insulin, HSP 60

Specific antigen targets
in organ-specific autoimmune diseases





Potential targets for therapeuticPotential targets for therapeutic
agents promoting toleranceagents promoting tolerance

MechanismMechanism TargetTarget
Co-stimulation blockadeCo-stimulation blockade CD28/B7; CD154/CD40;CD28/B7; CD154/CD40;

LIGHT/HVEM; ICOS/ICOSL;LIGHT/HVEM; ICOS/ICOSL;
CD134/CD134LCD134/CD134L

Negative co-regulator activationNegative co-regulator activation CD152 (CTLA-4); PD-1CD152 (CTLA-4); PD-1

Ts cell inductionTs cell induction VDR; IL-10RVDR; IL-10R

DC maturation/functionDC maturation/function NF-NF-κκB; VDR; ILT3/ILT4B; VDR; ILT3/ILT4



DC membrane costimulatory moleculesDC membrane costimulatory molecules

•• B7 family members: ligands for CD28, CD152B7 family members: ligands for CD28, CD152
(CTLA-4), ICOS, PD-1(CTLA-4), ICOS, PD-1

•• Membrane-bound TNF and TNF receptor familyMembrane-bound TNF and TNF receptor family
membersmembers

•• CD54 (ICAM-1), CD102 (ICAM-2), CD50 (ICAM-3):CD54 (ICAM-1), CD102 (ICAM-2), CD50 (ICAM-3):
ligands for CD11a/CD18 (LFA-1)ligands for CD11a/CD18 (LFA-1)

•• CD58 (LFA-3): ligand for CD2CD58 (LFA-3): ligand for CD2

•• T1/ST2L: ligand for T1/ST2T1/ST2L: ligand for T1/ST2



B7 family ligands and receptorsB7 family ligands and receptors

Expression          Ligands          Receptors       Expression     Function

DC, B, M (induc)            CD80 (B7.1) CD28    T (const) 

DC, B, M (const)           CD86 (B7.2)             CD152 (CTLA-4)     T (activated)

DC, B, M (const)             ICOS-L (B7h)           ICOS    T (activated)

DC, B, M, T (induc)         PD-L1 (B7-H1)
                                                                         PD-1                      T, B. M (activated)
DC, B, M (induc)             PD-L2 (B7-H1)

DC, T, M (induc)             B7-H3                           ?                                      ?

 

VC V



Biological immunomodulatory agentsBiological immunomodulatory agents
clinically effective in autoimmune diseasesclinically effective in autoimmune diseases
AgentAgent TargetTarget
Infliximab, etanercept, onerceptInfliximab, etanercept, onercept TNF-TNF-αα
IFN-IFN-ββ IFN-IFN-ββ R R
AnakinraAnakinra IL-1 RaIL-1 Ra
TocilizumabTocilizumab IL-6 RaIL-6 Ra
AlefaceptAlefacept CD2CD2
hOKT3g1 ala-alahOKT3g1 ala-ala CD3CD3
OKTcdr4aOKTcdr4a CD4CD4
EfalizumabEfalizumab CD11aCD11a
RituximabRituximab CD20CD20
EpratuzumabEpratuzumab CD22CD22
Daclizumab, basiliximabDaclizumab, basiliximab CD25CD25 (IL-2R(IL-2Rαα))
AlemtuzumabAlemtuzumab CD52CD52
NatalizumabNatalizumab VLA-4VLA-4
AbataceptAbatacept CD28CD28



CTLA4-Ig (Abatacept) in theCTLA4-Ig (Abatacept) in the
treatment of autoimmune diseasestreatment of autoimmune diseases

• Rheumatoid Arthritis (FDA approved)

• JRA (FDA approved)

• Psoriasis (phase II)

• LES (phase II)

• Multiple Sclerosis (phase I/II)



CTLA4-Ig (Abatacept) blocksCTLA4-Ig (Abatacept) blocks
T-cell costimulationT-cell costimulation



CTLA-4 may be a core mechanism throughCTLA-4 may be a core mechanism through
which Treg cells control APC functionwhich Treg cells control APC function
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Agonizing a co-inhibitory pathwayAgonizing a co-inhibitory pathway



Membrane-bound TNF-TNFR familyMembrane-bound TNF-TNFR family
members with costimulatory activitymembers with costimulatory activity

DC T

OX40L                              CD134 (OX40)
 4-1BBL                         CD137 (4-1BB)
 CD40                          CD154 (CD40L)
 RANK  TRANCE (RANKL/OPGL/ODF)
 Fas                                               FasL
 FasL                                               Fas
 TRAIL                                         TRAIL
BAFF         BAFFR/BCMA/TACI
CD70                                              CD27
LIGHT                                              HVEM



CD40-CD154 interactions inCD40-CD154 interactions in
T cell-dependent immune responsesT cell-dependent immune responses

DCDC T cellT cell

MacrophageMacrophage

B cellB cell

ECEC

MHCMHC TCRTCR

CD40CD40
CD154CD154

CD80/CD86CD80/CD86
CD28CD28

ProliferationProliferation
Ig class switchingIg class switching
CD80/CD86CD80/CD86
expressionexpression

Effector functionsEffector functions
TNF-TNF-aa
IL-1IL-1bb
Nitric oxideNitric oxide

Expression of Expression of 
adhesion moleculesadhesion molecules
CD54, CD106CD54, CD106
CD62ECD62E

ActivationActivation
SustainedSustained
clonal expansionclonal expansion

Increased Increased 
co-stimulationco-stimulation
CD80/CD86CD80/CD86
CD54CD54
IL-12IL-12

CD40CD40

CD40CD40

CD40CD40



Anti-CD40L trials haltedAnti-CD40L trials halted
• In October 1999 Biogen halted all anti-CD40L trials,

except in kidney transplantation, because of
“thrombo-embolic events”

• Anti-CD40L stimulates activated platelets in vivo,
triggering endothelial cells to cause thrombus
formation (Nature 1997)

• Halting anti-CD40L trials does not have implications
for the validity of costimulation blockade in the
treatment of allograft rejection or autoimmune
diseases



Anti-TNF-α IFN-β IL-1Ra IL-10 Anti-IL-
12/IL-23p40

Pros Validated clinical
target. Effective in
several autoimmune
diseases (RA, Crohn’s
disease, psoriasis,
spondiloarthopaties)

Most effective
agent
available for
the treatment
of MS

Decreases rate
of bone erosion
in RA patients

Multiple anti-
inflammatory
mechanisms
of action

Targeting key
Th1and Th17-
inducing
cytokines

Cons Long-term side effects
unknown. Etanercept
does not work in
Crohn’s disease

Immunogenic.
Efficacy so far
demonstrated
only in MS

Moderate
efficacy.
Side effects

Modest, if
any,  efficacy

Efficacy data in
psoriatic arthritis,
psoriasis, CD

Latest Several anti-TNF
agents being tested in
multiple additional
autoimmune
indications

Approved for
RR and SP MS

Approved in the
EU as a second-
line treatment
for RA,
combined with
MTX

Several
phase II trials
completed or
ongoing

Phase II (MS,
Crohn’s disease,
psoriasis)

Comparison of cytokine-based strategies in 
the treatment of autoimmune diseases



IL-12 family membersIL-12 family members
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Agent Description Indications

ABT-874 (Abbott) Anti-IL-12 p40 h mAb  CD, MS, psoriasis

CNTO 1275 (Centocor) Anti-IL-12 p40 h mAb Psoriasis, MS

STA-5326 (Synta) Oral small molecule CD, Psoriasis

selective IL-12 inhibitor

Anti-IL-12 agents in phase II 
clinical development



Ustekinumab significantly reduced signs and
symptoms of psoriatic arthritis and
diminished skin lesions compared with
placebo, and the drug was well tolerated.



Ustekinumab is generally well tolerated but
does not show efficacy in reducing the
cumulative number of gadolinium-enhancing
T1-weighted lesions in multiple sclerosis.



Approaches to in vivo Treg manipulationApproaches to in vivo Treg manipulation

TregTreg

Cell therapy
Ex-vivo expansion
± treatment

reinfusion

In vivo enhancement
•Small molecules
•Biologicals

Direct

Via 
Tolerogenic
DCs



Adoptive transfer of Treg cells in autoimmune disease models
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Regulatory T cell-based 
immunotherapy in humans

Roncarolo and Battaglia, Nat. Rev. Immunol. 7:585, 2007 



Immunogenic vs. Tolerogenic DCsImmunogenic vs. Tolerogenic DCs



Induction of Tolerogenic DCsInduction of Tolerogenic DCs
                      Low costimulationLow costimulation
                High coinhibition                High coinhibition

••  Anti-IL-12 Anti-IL-12
••  IL-10 IL-10
••  IL-13 IL-13
••  TGF- TGF-ββ
••  CTLA4-Ig CTLA4-Ig
••  Anti-CD40L Anti-CD40L

••  Salicylic acid Salicylic acid
••  Deoxyspergualin Deoxyspergualin
••  Glucocorticoids Glucocorticoids
••  MMF MMF
••  Sirolimus Sirolimus
••  1,25(OH) 1,25(OH)22DD33



Tolerogenic Effects of Pharmacological Agents on
Dendritic Cells

AGENT EFFECTS ON DENDRITIC CELLS
Differen-
tiation

M a t u r a -
tion

Costimula-
tory
molecules

IL-12
Produc-
tion

IL-10
P r o d u c -
tion

A l l o s t i -
mulatory
capacity

NF-κB
Activa-
tion

Acetylsalicylic acid

Butyric acid

Calcineurin
inhibitors

Deoxyspergualin

Glucocorticoids

N-acetyl-L-cysteine

M y c o p h e n o l a t e
mofetil

Sirolimus

Vitamin D3 analogs



CD11a/CD18
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MHC II

CD80/CD86

DC-T cell interactions: effects of VDR agonists

CTLA-4

CD28
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   CD154

CD54 (ICAM-1)
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